Introduction
Transition metal complexes show good thermal, optical, and chemical properties. Therefore, they are widely used in applications such as optical data storage, photoswitching, nonlinear optics and photochromic materials, dyes, chemical analysis, and pharmaceuticals. 1−6 The synthesis and properties of new transition metal complexes have been widely investigated owing to their possible applications in a variety of fields.
Azo-oximes are a class of compounds possessing both azo and hydroxyimino groups. One of the major characteristics of azo dyes is the presence of one or more azo (-N= N-) groups. These compounds can be regarded as the largest class of industrially synthesized organic dyes due to their versatile application in various fields such as textile dyes, biomedical applications, advanced application in organic synthesis, lasers, liquid crystalline displays, electro-optical devices, and ink-jet printers.
7−9
The hydroxyimino groups are good donors and can form stable complexes with transition metal ions. The oximes and their metal complexes have a significant role in the development of inorganic chemistry.
They have been widely studied coordination compounds used in a variety of biochemical 10, 11 and analytical applications. 12, 13 They have also attracted attention due to their possible antimicrobial applications. 14, 15 The ortho-hydroxy-aryloximes act as excellent bidentate ligands through the nitrogen and oxygen donor atoms. Their metal complexes are well-recognized extractants that find industrial applications in extractive metallurgy and separation science.
16,17
The assessment of genotoxicity is a mandatory preliminary step in the safety assessment of newly synthesized chemicals including pharmaceuticals, food additives, and industrial substances. 18−20 The bacterial 21 is commonly used for possible genotoxic effects of chemical compounds (ability to induce a mutation or cancer). The assay performed in Salmonella Typhimurium is less expensive and gives faster results compared to standard tests for carcinogenicity in animals. 22, 23 The test strains of S . Typhimurium (TA 98 and TA 100) that possess different types of mutations in the histidine operon are used in the test for identifying reverse mutation.
Ames test developed by Dr Bruce Ames in 1975
In our previous studies, we investigated the synthesis and characterization of various new monodentate and bidentate ligands. 24−27 In the present study, the synthesis and characterization of Mn(II), Ni(II), Cu(II), Co(II), Zn(II), and Cd(II) complexes of a new azo-oxime ligand (pxoxH 2 ) are reported ( Figure 1 ). The X-ray diffraction studies on the manganese(II) and cadmium(II) complexes are described. Both the new oxime ligand linked 4-nitrophenylazo and its metal complexes were also screened for their genotoxicity. 
Physical measurements
The microanalysis of carbon, hydrogen, and nitrogen was performed with a LECO CHNS 932 elemental analyzer. The 1 H NMR spectrum of the azo-oxime ligand was obtained in deuterated DMSO as solvent on a Bruker FT-NMR AC-400 (300 MHz) spectrometer. All chemical shifts were reported in δ (ppm) relative to the tetramethylsilane as an internal standard. Infrared spectra (KBr disk) were recorded in the 4000-400 cm −1 range on a Shimadzu 8300 FT-IR spectrometer. The UV/Vis spectra were obtained on a Shimadzu 160A UV spectrometer. The X-ray powder diffraction analysis was performed by a Philips X'Pert PRO X-ray diffractometer using Cu-K α radiation with the wavelength of 0.154 nm at 40 kV and 30 mA. The measurements were obtained by scanning at diffraction angles (2θ) in the range of 10
• to 50
• at room temperature. The phase identification was performed using X'Pert High Score software using the ICDD-PDF 2 database. Melting points were obtained with an Electrothermal LDT 9200 apparatus in open capillaries. Magnetic measurements were obtained by the Gouy method using Hg[Co(SCN) 4 ] as a calibrant. Molar conductance of the transition metal complexes was determined in DMF at room temperature by using an IQ Scientific Instruments Multimeter. Thermal gravimetric analysis (TGA) measurements were obtained by a PerkinElmer Diamond thermal analyzer.
Synthesis of 2-hydroxy5-[(4-nitrophenyl)diazenyl]benzaldehyde (px)(1)
The azo-coupled 2-hydroxybenzaldehyde was synthesized using the known coupling methods. 
Synthesis of 2-[(E)-(hydroxyimino)methyl]-4-[(E)-(4-nitrophenyll)diazenyl]phenol (pxoxH
The azo-oxime compound was prepared according to the following method. 
Synthesis of [Zn(pxoxH) 2 ].6H 2 O (7)
Zinc ( 
Ames test
The reagents including medium, buffers, and the S9-mix used in the Ames test were prepared as described in the study by Kayraldiz et al. 29 Histidine-deficient S. Typhimurium strains TA98 and TA100 were provided by JL Swezey (Microbial Genomics and Bioprocessing Research Unit, North University, Illinois, USA). Dimethyl sulfoxide (DMSO) suspensions of 2-aminofluerene (2-AF) and 4-nitro-o -phenylenediamine (NPD) as well as sodium azide (dissolved in distilled water) were used as positive controls. The test reagents were suspended in DMSO The standard procedure for the plate-incorporation assay was carried out using TA98 and TA100 strains for determination of the frame-shift mutations and base-pair substitution mutations, respectively. Using both of the strains, the Ames test was performed with metabolic activation ( + S9 mix) to obtain a first approximation of mammalian metabolism, and without metabolic activation (-S9 mix). The assay was carried out according to Maron and Ames. 30 TA98 and TA100 strains were exposed to a range of concentrations of each test compound in a soft agar overlay. The number of revertants observed in each concentration of the test substances and the spontaneous control was scored. The observed differences between the test compounds and control were analyzed by t-test (Minitab V14). Regression and correlation tests were used for dose-response relationships.
Results and discussion

Synthesis and solubility of the metal chelates
The azo-oxime ligand 2- 
Cd(II)(OH 2 ) 2 (n = 2); Zn(II)(n = 6). The structures of the synthesized compounds were elucidated using a number of analytical methods and spectroscopic techniques. The level of impurity in the product was checked with thin layer chromatography (TLC). All of the metal complexes,
H 2 O (8), are stable in air, soluble in DMSO, and insoluble in common organic solvents. The single crystals of the compounds could not be isolated from any organic solution; thus no definite structures could be described. However, the analytical and spectroscopic data enable us to predict possible structures as shown in Figures 1  and 2 .
The results of the elemental analyses of the azo-oxime ligand and its metal chelates are in good agreement with the theoretical expectations. The elemental analyses of the coordination compounds indicate that the metal-ligand ratios are 1:2 in all the metal complexes. The molar conductivities of the metal chelates in DMF at 25
• C are in the range of 12. ppm, which were attributed to -OH (N 9 -) and -OH (C 7 -), respectively. The -OH (C 10 -) and -OH (C 7 -) signals disappeared in D 2 O, indicating an acidic nature. The 1 H NMR spectrum of the azo-oxime ligand is shown in Figure 3 . The spectrum of the pxoxH 2 (2) showed a singlet peak at 10.38 ppm due to the presence of hydrogen of the azomethine group (C 8 H =N). The peaks observed in the range of 7.14-7.25 and 7.93-7.94 ppm in 1 H NMR spectrum of pxoxH 2 (2) were attributed to the aromatic protons. 26−28 The 13 C NMR data were obtained from the pxoxH 2 compound in DMSO-d 6 . The 13 C NMR spectrum displayed characteristic signals at 160.5 and 155.8 ppm due to the Ar-C-OH and -C-N=N of the ligand, respectively. The peaks at 148.5 and 146.7 ppm were attributed to azomethine and C-NO 2 carbons of the ligand, respectively. On the other hand, the spectrum of the ligand showed peaks in the region δ 117.5-146.0 ppm, due to the presence of aromatic carbons. 
Magnetic and electronic spectral studies
The UV/Vis spectra of phenylazo-linked azo-oxime ligand and its metal complexes were measured in DMF at room temperature, and the absorbance maxima are presented in assigned to the moderate energy π → π * transition of the -N = N-and -CH = N-groups or aromatic rings. The UV-visible spectrum of the pxoxH 2 azo-oxime ligand in DMF solution is shown in Figure 4 . 36 The spectrum of Cu(II) complex in dimethylformamide solution is given in Figure 5 . The magnetic moment of Cu(II) complex was 1.89 B.M., indicating the presence of one unpaired electron. The cobalt(II) complex exhibited 3 bands, which are expected from an octahedral structure. 35 The (8) can be related to n → π * (-N=N-), n → π * (-CH =N-), π → π * (-N = N-), and π → π * (-CH = N-) or aromatic ring transitions, respectively. The spectroscopic data are given in Table 2 .
Infrared spectra
The IR measurements of the pxoxH 2 azo-oxime ligand (2) and its metal complexes were obtained in the range 4000-400 cm −1 . The characteristic IR bands of the pxoxH 2 ligand and its metal chelates were explained in the experimental section. Generally, the oxime compounds can be characterized by 3 IR absorption bands at 3700-3200 cm −1 (O-H str), 1615-1650 cm −1 (C= N str), and 1100-950 cm −1 (N-O str).
15
The strong and broad band appearing at 3371 cm −1 in the spectrum of the azo-oxime ligand was assigned to the vibrations of the hydroxyl groups belonging to the hydroxyimino (-C = N-OH) and phenolic groups (Ar-OH) in the structure. 39 The vibration spectrum of the bidentate ligand is shown in Figure 6 . Although we know that the coordinated water and the lattice water are present in the crystal structure and can give vibrational bands at different regions in the infrared spectrum, the hydroxyl vibration bands coming from the hydroxyimino group and coordinated or latticed water in the structure were observed as combined strong and broad bands between 3586 and 3242 cm −1 . The infrared spectra of the Mn(II), Ni(II), Co(II), and Zn(II) metal complexes exhibited a broad band at 3586-3242 cm −1 , which was attributed to v(OH) associated water molecules, while the band observed at approximately 860-853 cm −1 was assigned to coordinated water molecules.
40
The absence of a sharp band at around 1657 cm −1 , which is related to the azo-aldehyde (azo-coupled 2-hydroxybenzaldehyde) (1), supports the proposed structure. However, the band that appeared at 1619 cm −1 on the spectrum of the ligand belongs to the azomethine moiety. Thus, we can conclude that the proposed structure is in agreement with the spectral data. It is also common knowledge that the ν (C = N) stretching vibrations are affected by complexation and are positioned at a frequency significantly different than the frequency of ligand. The coordination of the azo-oxime ligand to the metal center through the nitrogen atom is expected to reduce the electron density in the azomethine link and shift to lower ν (C= N) absorption frequency. In the synthesized metal complexes, we observed the ν (C=N) stretching shifted to the lower frequencies and appeared between 1613 and 1609 cm −1 , indicating the coordination of the azomethine nitrogen to the metal ions. The IR spectrum of the copper(II) complex is given in Figure 7 . In the metal complexes, the aromatic C-H stretching bands were observed between 3103 and 3072 cm −1 .
The vibration band of the azo chromogen group both in the ligand and the complexes was seen at around 1484 cm −1 . Although the azo chromogen group has a donor character and can form coordination compounds, the constant value of its vibration both in the ligand and the complexes shows that there is no coordination between the azo chromogen group and the metal ions. On the other hand, there were 2 new bands, which were not seen in the spectrum of the ligand, appearing also in the spectra of the complexes; the first one was the M-O stretching bands seen at 510-498 cm −1 , which showed that the ligand was coordinated with the metals through the phenolic hydroxyls, and the second weak band was M-N vibrations seen between 482 and 474 cm −1 . These values are in good agreement with the values reported in the literature.
15,26b
X-ray powder diffraction analysis
We attempted to prepare single crystals of the ligand and metal complexes from different solvents, but were unsuccessful. However, the crystalline nature of Cd(II) and Mn(II) metal complexes can be readily evidenced from their X-ray powder patterns. The X-ray powder diffractograms of the [Cd(pxoxH
.H 2 O metal complexes were recorded using Cu-K α as the source in the 2θ range 10-50
• .
The X-ray powder diffraction patterns of the Cd(II) and Mn(II) complexes are given in Figure 8 . 
The observed and calculated diffraction data of the Cd(II) and Mn(II) complexes are given in Tables 3   and 4 , respectively. The XRD spectrum shows 13 reflections for Cd(II) complex with maxima at 2θ = 25.98 
Thermal gravimetric analysis
The TGA data agree with the formula suggested from the elemental analyses. The thermal stabilities were investigated by TGA with a heating rate of 10 
Genotoxicity study
The data obtained from the Ames mutagenicity test system are presented in Table 5 . The px aldehyde-linked azo chromogene was weakly mutagenic on S . Typhimurium TA98 strains in the absence of s9 mix. On the other hand, the pxoxH 2 ligand (2) was strongly mutagenic on S . Typhimurium TA98 strains with and without s9 mix but it was weakly mutagenic on S . Typhimurium TA100 strains only in the absence of s9 mix. In the absence and presence of s9 mix, mutagenic activity of the pxoxH 2 azo-oxime compound on the TA98 strain was observed to be dose-dependent (r = 0.954, Figure 9 , r = 0.920, Figure 10 , respectively). O metal complexes were weakly mutagenic on S . Typhimurium TA98 strain in the presence and absence of s9 mix, they were not mutagenic on S . Typhimurium TA100 strain in the presence and absence of s9 mix.
[Cu(pxoxH) 2 ].H 2 O was not mutagenic on S . Typhimurium TA98 and TA100 strains in the presence and absence of s9 mix. strain was observed to be dose-dependent in the presence and absence of s9 mix (r = 0.983, Figure 11 , r = 0.979, Figure 12 , respectively). Figure 13 , r = 0.987, Figure 14 , respectively) and TA100 (in absence of s9 mix) (r = 0.982, Figure 15 ) was observed to be dose-dependent. Cd(II) with a metal:ligand ratio of 1:2. Based on the above spectral and analytical data, the proposed structures of the Mn(II), Ni(II), Cu(II), Co(II), Zn(II), and Cd(II) coordination compounds can be formulated as in Figure 2 . The genotoxicity study indicates that these compounds show weak genotoxicity and the toxicity may increase with increased dosage.
